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(57)Abstract: 

PURPOSE: To provide a highly reliable T-TM-B permanent magnet which can secure 
excellent corrosion resistance for a long period. 

CONSTITUTION: In the R-TM-B permanent magnet consisting of 540% R (here, R is the 
combination of one or more kinds of rare earth elements including Y), 50-900% TM (here, 
TM is a transition metal mainly composed of Fe and a part may be replaced with other 
metallic element or nonmetallic element), and 50-90% B (boron), an Ni plating layer, which 
has pillar-shaped crystals, is made on the surface of the permanent magnet. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are R(one-sort or two sorts or more of combination of rare earth elements which 
contains Y here)5-40%, and TM (TM here) at a weight ratio, it is the transition metals which make 
Fe a subject, and other metallic elements or nonmetallic elements may permute a part. The R-TM-B 
system permanent magnet which has improved the corrosion resistance characterized by forming in 
the front face of this permanent magnet object nickel plating layer which has a columnar crystal in 
the R-TM-B system permanent magnet which consists of 50 - 90% B (boron) 0.2 - 8%. 
[Claim 2] The R-TM-B system permanent magnet according to claim 1 whose S content is below 
0.01wt(s).%. 

[Claim 3] They are R(one-sort or two sorts or more of combination of rare earth elements which 
contains Y here)5-40%, and TM (TM here) at a weight ratio, it is the transition metals which make 
Fe a subject, and other metallic elements or nonmetallic elements may permute a part. The R-TM-B 
system permanent magnet which consists of 50 - 90% B (boron) 0.2 - 8% is faced carrying out nickel 
plating layer covering. The manufacture approach of a R-TM-B system permanent magnet of having 
improved the corrosion resistance characterized by canying out electrocrystallization from nickel 
plating bath which added at least one or more sorts of organic additives chosen from a coumarin, -1- 
2-butine 4 diol, ethylene cyanohydrin, formalin, thiourea, and a pyridine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is a R-TM-B system permanent magnet, and relates to what 
has improved corrosion resistance remarkably by preparing nickel plating layer which has a 
columnar crystal in a magnet body surface. 
[0002] 

[Description of the Prior Art] The same demand also as the 1 components slack permanent magnet 
has become strong with the high performance and a miniaturization of the electrical and electric 
equipment. That is, although the strongest former permanent magnet was a rare-earth-cobalt (R-Co) 
system, the recent years more powerful R-TM-B system permanent magnet has gained power (JP,59- 
46008,A). The thing and B to which R is one sort or two sorts or more of combination containing Y 
of a rare earth magnet element, and TM permuted the part here with other metallic elements or 
nonmetallic elements as transition-metals cores, such as Fe and Co, are boron. However, the R-TM- 
B system permanent magnet had rust and a trouble of a cone extremely. Therefore, in order to 
improve corrosion resistance, means to prepare an oxidation-resistant enveloping layer in a 
permanent magnet front face have been taken. As a class of enveloping layer, the metal coat by 
nickel plating, oxidation-resistant resin, and aluminum ion plating etc. is proposed, and nickel 
plating especially attracts attention as what improves the corrosion resistance of a R-TM-B system 
permanent magnet by simple processing (JP,60-54406,A). nickel plating is excellent in the 
mechanical strength of a surface coating layer as compared with oxidation-resistant resin, and has 
the advantage in which there is almost no hygroscopicity of the enveloping layer itself. 
[0003] 

[Problem(s) to be Solved by the Invention] However, as showed in drawing 3 , in order that a deposit 
particle might be needle crystal and nickel plating enveloping layer currently performed 
conventionally might carry out continuation growth perpendicularly to a magnet body surface, the 
front face became the cellular structure like the shell of a tortoise, as showed in drawing 4 , and had 
the problem that the pinhole produced in early stages at the time of electrocrystallization existed in 
the boundary section of the cellular structure. Therefore, irrespective of own hygroscopic existence 
of an enveloping layer, in connection with aging, moisture permeated the magnet object through the 
pinhole, and there was a problem of causing corrosion degradation. Moreover, even if own corrosion 
resistance of plating is excellent, unless adhesion with a R-TM-B system permanent magnet base 
material is excellent, corrosion resistance is not securable over a long period of time. Then, the 
purpose of this invention is to offer the R-TM-B system permanent magnet which has the high 
dependability which can secure the outstanding corrosion resistance over a long period of time. 
[0004] 

[Means for Solving the Problem] This invention by the weight ratio R(one-sort or two sorts or more 
of combination of rare earth elements in which R contains this here)5-40%, TM (TMs are transition 
metals which make Fe a subject, and may permute a part with other metallic elements or nonmetallic 
elements here.) It is the R-TM-B system permanent magnet which has improved the corrosion 
resistance characterized by preparing nickel plating layer which has a columnar crystal in the front 
face of the R-TM-B system permanent magnet which consists of B (boron) 0.2 - 8% 50 to 90%. 
nickel plating layer which starts this invention at drawing 1 R> 1 is shown. A deposit particle is a 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/27/2006 



JP,07-106109,A [DETAILED DESCRIPTION] 



Page 2 of 5 



columnar crystal, and to a magnet body surface, this nickel plating layer carries out continuation 
growth, and is formed in a longitudinal direction. Therefore, as a front face is shown in drawing 2 , 
even if it will be in the condition that the boundary section does not clarify and of having graduated 
and a pinhole is generated in early stages, a plating layer grows up to be the upper layer after that, 
survival of a pinhole is prevented, and it is thought that a substrate is also kept by coincidence. The 
plating layer which has such a columnar crystal can be obtained by using the organic additive which 
does not contain S. In this invention, the element which permutes a part of TMs, such as Fe, CO, and 
nickel, can add Ga, aluminum, Ti, V, Cr, Mn, Zr, Hf, Nb, Ta, Mo, germanium, Sb, Bi, nickel, etc. 
according to the addition purpose, and this invention can be applied to any R-TM-B system magnets. 
Moreover, the approach of either a sintering process, molten metal quenching methods or those 
displacement methods is sufficient as the manufacture approach. As the manufacture approach, it 
galvanizes after cleaning by the organic solvent. 1-2 A/dm2 of current density is good, and the heat 
of a plating layer has desirable 5-20 micrometers. When attaining removal of a damaged layer, and 
activation before plating about plating pretreatment, it is good to use an acidic solution. Although 
strong acid, such as a sulfuric acid and a hydrochloric acid, is effective for front [ plating ] 
activation, in order to avoid the effect of the quality of the material on plating pretreatment as much 
as possible, the 1st etching by the 2 - 10vol% nitric acid and the 2nd etching according after that to a 
hydrogen-peroxide 5 - 10vol%, acetic-acid 10 - 30vol% mixed acid are the most desirable. 
Subsequently, nickel plating processing is performed. As a class of nickel plating bath, any of a 
Watts bath, a sulfamic acid bath, the Amon bath, and a high sulfuric-acid bath are sufficient, and 
especially a Watts bath is good. It is important to add the organic additive which does not contain at 
least one or more sorts of S chosen from a coumarin, -1-2-butine 4 diol, ethylene cyanohydrin, 
formalin, thiourea, and viridin here. Thus, the plating layer of a columnar crystal is obtained by 
adding the organic additive which does not contain S. It is not desirable in order to keep the crystal 
structure as needle crystal, although the organic additive containing S of saccharin, 1 and 5 North 
America Free Trade Agreement range SUHON acid sodium, 1, 3 and 6 naphthalene tris RUHON 
acid sodium, and a PARATORU en sulfonamide is excellent in the eburnation of a deposit particle. 
Moreover, since the nickel plating layer itself becomes an electrochemistry target with ** by 
containing S, it is desirable to use the organic additive which does not contain S also in respect of 
corrosion-resistant improvement. Moreover, as shown in the below-mentioned example, the plating 
layer which consists of a columnar crystal of this invention is excellent in adhesion, and contributes 
to corrosion-resistant improvement also from this point. 
[0005] 
[Example] 

(Example 1) Nd (Fe0.7Co0.2B0.07Ga0.03)6.5 - the alloy of a presentation was produced by the arc 
dissolution and coarse grinding of the obtained ingot was carried out by the stamp mill and the disc 
mill. Then, it pulverized with the jet mill by having used N2 gas as tumbling media, and pulverizing 
with a grinding grain size of 3.5 micrometers (FSSS) was obtained. Horizontal magnetic field 
shaping of the obtained raw material powder was carried out all over the magnetic field of 15KOe(s). 
Compacting pressure was 2 Ton/cm2; This Plastic solid was sintered in the vacuum for 1090 degree- 
Cx 2 hours. After cutting down the sintered compact in dimension of 18x10x6mm and carrying out 
heating maintenance subsequently to the inside of a 900-degree C argon ambient atmosphere for 2 
hours, it quenched and temperature was held in the 600-degree C argon ambient atmosphere for 1 
hour. In this way, about the obtained sample, the 1st etching by the 5vol(s)% nitric acid and the 2nd 
etching according after that to a hydrogen-peroxide 10vol% and acetic-acid 25vol% mixed acid were 
performed as plating pretreatment. Various nickel plating processings were performed on the 
conditions shown in Table 1 after that. In addition, the sample numbers 1, 2, 3, 4, 5, and 6 of the 
thickness of nickel plating layer of the sample indicated to Table 1 were 10 micrometers, and, as for 
S content, for sample numbers 1, 2, and 3, 4 was [ 5 and 6 ] 0.05% 0.03% 0.01% or less. Moreover, 
when the crystal structure of each plating layer was checked with the scanning electron microscope, 
sample numbers 1, 2, and 3 were columnar crystals, and sample numbers 4, 5, and 6 were needle 
crystal. 
[0006] 
[Table 1] 
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The salt spray test of the corrosion test of 80 degrees C and 500 hours in 90%RH and 35 degrees C, 
and 100 hours in 5%NaCl was performed about the sample shown in Table 1 . A result is shown in 
Table 2. 
[0007] 
[Table 2] 
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In Table 2, a corrosion test result shows appearance change of a sample, and a salt spray test result 
shows rust generating time amount. Table 2 shows that the permanent magnet by this invention may 
improve corrosion resistance remarkably as compared with the conventional magnet. 
[0008] (Example 2) The bond strength of the plating film was evaluated using the sample produced 
in the example 1 . Bond strength was evaluated based on the shear strength trial based on ASTM-D - 
1002-64. Partner material was set to ASTM-D- 1002 (steel plate), and, specifically, it considered as 
lamination die length of 12.5mm, and speed-of-testing 5 mm/min. Moreover, adhesives used two 
sorts of the hard rock made from Electrochemistry which is Araldite (AVI 38, HV998) and the 
acrylate system made from Chiba GAIGI which is an epoxy system. A result is shown in Table 3. 
Adhesion reinforcement of plating of the columnar crystal by this invention with a base material is 
improving compared with the plating of the conventional needle crystal so that clearly from Table 3. 
[0009] 
[Table 3] 
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[Effect of the Invention] By this invention, corrosion resistance remarkable improvement whose 
conventional plating was inadequate was achieved in the magnet which made rare earth and iron the 
subject. 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 



http://www4apdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 1/27/2006 



JP,07-106109,A [DRAWINGS] 



Page 3 of 3 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/27/2006 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 07-1 061 09 

(43)Date of publication of application : 21.04.1995 



(51)Int.CI. 



HO IF 1/053 
C22C 38/00 
H01F 7/02 
H01F 41/02 



(21) Application number : 05-273005 

(22) Date of filing : 05.10.1993 



(71 Applicant : HITACHI METALS LTD 
(72)Inventor : TAGAYA ATSUSHI 



(54) R-TM-B PERMANENT MAGNET OF IMPROVED CORROSION RESISTANCE, AND ITS 
MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a highly reliable T-TM-B permanent magnet which can secure excellent 
corrosion resistance for a long period. 

CONSTITUTION: In the R-TM-B permanent magnet consisting of 540% R (here, R is the 
combination of one or more kinds of rare earth elements including Y), 50-900% TM (here, TM is 
a transition metal mainly composed of Fe and a part may be replaced with other metallic 
element or nonmetallic element), and 50-90% B (boron), an Ni plating layer, which has pillar- 
shaped crystals, is made on the surface of the permanent magnet. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



(19)B*S4tif>T(JP) 



( A ) uoiromB&mM- 

#i?7- 10 6 10 9 

(43)4*f» 0 ¥^7^(1995) 4£ 21 0 



(51) Int. CI. 6 

H 0 1 F 1/053 
C 2 2 C 38/00 
H 0 1 F 7/02 
41/02 



3 0 3 D 
Z 

F 8019- 5 E 



F I 



HO 1 F 



1/04 



FD 



A 

(±6K) 





fftg^PS-^SOOS 


(71)tljlSA 


000005083 










(22)ffiPS 


¥/£5*F(1993) 10M 5 B 




ms:«sTftBaE^wrt2T a i*2-§- 






(72)3893# 










«5m^«mHyK5200#ife B 














(74)ft3A 





(54) lKW<D&m ittt^M R - TM- B ^^^s^^ssm 



(57) iwm] 

<nimxte2m£i-k<nm?*<&tt) 5-40%, tm 

5 0-9 0%B (fiS^) 0.2-8%^^^5R-TM 




(2) 

1 

[fflt#3gi] itit-CR rr-fi. Y«r&tr#±« 
m (::^TMit f e&±ftk-rzm»&R-?1bo 

V\ ) 5 0-90%B (flBSt) 0. 2-8%^b*5R 

»«i:i-5iBftttS:efc»b^:R-TM-B3R3k^«^ D 
[fS*^2] S***#0. Olwt,°0m$ 10 
KlIB*^R-TM-B3Mc4UK^o 

[89*^3] aaitTR Y^^tf^±s 

5c*<OiaXtt2aK±0»^fc^-) 5-4 01 T 
M (r^-CTMIt F e«r3£#fci-5a»A*"Cfco 

l\ ) 5O-90°/oB (HX) 0.2-8%d^/^R 

-tm-b1MM:n i fco#/MfflM-5Kil»U 
^vyy s 2yfy-i • 4v?t- /v, visits' 
t Kyv, */^yy x ^^-R*, try v^^baiiix 

fc^ft <ttl aJK±^**jS6*D»J*aS*D LfcN i £>o 20 
R-TM-B X*4ia^0>H&2r& 

[0001] 

[0 0 0 2 J 

/Uh (R-Co) *-e*>ofcd«, 5fi¥, «tl?»**R- 
TM-B*MIW-&fflUttt (4MBBB5 9-4 6 
0 0 8f) e wr^R|iYS:^*±SS«^7c5R01« 
XH2«J^±^£^^-efe«9 > TMUFe, Co# 

JlTcX-effmLfct^. Btefi&Bfg-?fc£ 0 L*>U R- 
TM- BX*^«:fftt«fcT«»^-^i V* 9 Kttfcasfc 

S/I^ffigi^LTJ*, Nifeot IHMkttWn* Al 
>K & t) *>#N i *o#(11Hfl*ftiS-CR-TM-B5R 
(#MBS6 0-5 4 4 0 6#) 0 N i #>o#l*, Wgtft: 

[0 0 0 3] 50 



- 10 6 10 9 

2 

ix^iHAttSrfi»!IWJw*>fcoT««i-5 r £ tfT* Si? 
v^fMBtt R - TM- B*jk^«^*»«r 5 r 

k\z&Z> 0 

[0 0 0 4] 

*i^-g*t>^r) 5-4 0% TM (rrtTMIiFe^ 

JB7n*-C«lfeLTt>«tV\ ) 5 0-9 0%, B mm) 
0. 2 — 8%^lb^5R-TM-B^*^^<0^®tC 

5iHAttSrafe#b^R-TM-B*^«^t?*)6 0 HI 
1 l:*^C^^5N i ftof ISr^to :^)Nifco 

IC&^T, Fe, CO, N i ^<^TMC0— a^B^-TS 
TcXtt* t^DlW^iECT, Ga, Al, Ti, 
V, Cr, Mn, Z r, Hf, Nb, T a> Mo, G 
e, Sb, Bi x N i fdl£:$&#n~C#\ #5SWttV^ft£ 
■R-TM-B5R«^Kfc»/flTg:5 0 ^cOffiig^ 

**JIJ^<&«Kfco£*iSi\ i»8Sfil-2A/d 
m'tfBK tf>o#gOif£fi5 — 2 0 LV\ 

te, 2-10vo l%offi»lcJ:5»lxs;fy^ -t 
0>«iftBMbic* 5 — 1 0 v o 1 %, fifR 1 0 - 3 0 v o 



(3) 



4#M¥7- 1 0 6 10 9 



Htt,fcd>fc < 1 1> 1 S LttV*mWtiH 

ttasftnai £ asip-*- 5 w t m «t >9 ^ftoti^# 

y *-k> l • 3 • 6t7^i/yhM/^y8th^ 
A x h /urn >-TS KOSSr-&«-t-5*«j6 

tttS«:*MttlA£ ttL^5t«), »*b<ftv\ *fe 

[0 0 0 5] 
[JUfett] 

(Xftffll) Nd (Feo.7Coo.2Bo.07Gao.03) 



SWBM&Srfi^ »5!«S3.5/im (FSSS) Offtft 

»/£fl2Lfc 0 ^ii^li2Ton/cm 2 -Cfco/t 0 * 

^MS^fTl 0 9 Otx 2 W^L/Sip 

Sr 1 8 X 1 0 X 6mm(D^fttC§3t) fctiU &V^9 0 0 

urns* 6 0 o t c<DT/v=f>^m^'c 1 er^t 

T5 v o 1 %0fl||fcK:.fcSftlaLy?->'^ ^tDftifiife 
fc*3?l 0 v o 1 %. Stlfc2 5 v o 1 %<Dimt\Z£Z>m 

N i fco#«ya«:ifiLfc:. *lfcKttLfcW**<0 
N i «>o*JiOJBI»W:, NHfl, 2, 3, 4, 5, 
6 fc 1 0 #1 mTifc y) % S***tt, WJpfS-g- 1 . 
2, 3iS0.0 1%HT, 4^0.0 3%, 5, 6#0. 

C53IS**5SS:*Bb^:tr^ 2, 3 lift 

20 tt*£A. W#t4, 5, 6lttf!|*«MlTfcofc 8 
[0 0 0 6] 













250g/l 




lfll/I 




1 




45g/l 


ftxtua 










lml/1 


Steffi 


Wdm 1 








250g/l 




lnl/I 




2 




45g/l 


fXJUm. 










lml/1 




2^ 


01 






250g/l 




lnl/1 




3 




45g/l 


nrvni 


sot; 






ant 


lml/1 




2A/dm* 








2508/1 




5g/l 




4 




45g/l 


ftrttat 


50«C 






wsl 


40g/l 












250g/l 


l*Btt»K*~M£ttfM9A 10g/l 


* 


5 




45g/l 












40g/l 




2A/dm* 


01 






250g/l 


1- 3-«7»3+ ftltiWMMUta/l 




6 




45g/l 


fuVBL 


sot: 






mm 


408/1 




2A/dm* 



»lK^Lfct*!H-KB8LT 8 0<C, 9 0%RHTO5 0 50 O^i^MSSt, 5%NaClTO100 



(4) 



- 10 6 10 9 



[0 0 0 7] 



* [^2] 





mm 

(am) 


s-&*r»(*o 


HftKlft 

(sotttoserao 




m 
m 
w 


1 


10 


0.01KT 


soonsiwatofcu 


lOOHSBBEftat 


2 


10 


O.OlfitT 


SOOBSIWSSfcfcL 


lOOHSffigfc* 




3 


10 


0.01HT 


500B?IW3Bfcfcb 


100«HB«fldftf 


m 


4 


10 


0.03 


5O0i$fflTJ§a585fc 


30PSRB 




5 


10 


0.05 


SOOiSJHTg&KlfC 


2mm 




6 


10 


0.05 


300B?Kn?Jltt»fc 


2mm 



[0008] ohm 2 ) mmm i -ef«H Lfctw*fli 

i>fco# Ko^*3SS«rSffib^ e AST 
M-D- 1 0 0 2-6 4l:*ltfc^A/^SW(-S 
<5£!¥>(ffiL*L e JM£l$Kte, H^ffSrASTM-D-l 
0 0 2 (ffltt) *U K**>**S12. 5mm, 5135^30 



Tfcft^*^* (ft) 8077^>f h (AVI 3 

8, HV9 9 8) % *5«fctfr^ y h^-efcsmMfc 

* Oft) *©/N-Kny^©2lfc«fflLfc. 

[0 0 0 9] 
[*3] 







^r/bBr3Sta (kg/cm*) 




1 


2 6 5 


10 5 




2 


2 7 0 


110 


m 


3 


2 6 0 


10 0 




4 


2 3 0 


7 0 




5 


2 2 5 


7 0 




6 


2 3 0 


6 5 



[0 0 10] 



50 



[01] *«WIC«*N i i6o#/f <Z)#r®<Dj£SE^m^ 
[0 2] *»0Jfc«*N i fcotl^KD^i^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



